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� !"#$%&'($%&)*"+,$%-.
/0PQRSTUVWXYZ0[\]^_`X`.
ab�cad0efgahijklmnopqr
1GeV s0t0CDuvwxad0ey^.z{j
|}x~���a��a���|���uJ�x�
�no
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� !"#$%&'($%&)*"+,$%-.
/0Pr�s0t0���CD$%aU}a>��
�"d0e������xVWXYZ0[ RF �.
� race-track�]^_`X`.����RTM�j�
���UCDEj ¡�x¢U[1]o£aCDEr¤
¥¦d0e§¨fgj
�[2]�©¥¦rª$%&«
¬�U 100 TW Ti:sapphires0t0[3]j[y^®¯
��Us0t0���CD$%u°±mno��P
r�CDE²³´ea���µ¶�§¨fghij
���·¸us0t0���CD¹gaº¡��u
J�x��no

����������������������������    !!!!

2.1  ��

CDE²³´eaG¼j½ 1 u¾mo�"¿r�
BNL/^Àa RF�.[4]j±��Á�±s0t0r�

ÂÃÄ Nd:YLF s0t0²³´eP�?@AB0Å
Æ¦ 0.2 % rms PÇno£a RF�.r�ÈÉA³�
>Ê¦a�"¿PËÌ�ÍnÎÏÐÑ�Ò#uÓn

?ÔÕ/.³ÖNj×ØmnZsÙ^[«�ÚST

x�na«ÛÜP�?@AB03.5 MeV�?ÔÕ/
.³ 1~10 π mm-mrad�ÉA³Ý 5~10 ps��Ò*·
N 3 nC  a�"².ÞAß.àjáS�n£�
«P¢no�"¿âãa�"d0er���d0e

äåæjç�x RTM u²è^.éêaëJjç�
x��STno²è^.j°±mnìír��îr

RTM aïÎðPÇ��ñòóôuß.ÀjõnU

}PÇnoïÎðurÆqö�CDÐ÷«Ç���

��"r 1 /0.ørù 6 MeV uCDST�ú�

éêûu�âTUüé��ú�éêaé�uÓ�

180˚ývSTxþ�y^�Õ_u��STnoJ�
����v�rü�vuCDST���r��ñò

�vP 24 òñòmno1 ñòª� 6 MeVaCDj
�w·	�ur 150 MeV �P
���d0e�
�æjç�x�STno���u��Í��j�

±�Uar RTM « �r��"¿a��?@AB

0�80~120 keV�a��j��STxR�STx�
UU}PÇno���ær RTM Pa��j×Ø

mnæ�Í�x�no

2.2  µ¶

�¼ë�¥��u 150 MeVad0eCDu¼���
�¥��u R!"u�#�Uo�a¸�RF $.
%&²'(.Þ�u RF )âã RF �.*u SF6�
³«+0_mnXy®A«á�Uo£Tr�$.
%&²'(.Þ�a,�-P RF )«.&�uC�
ST�/.00A�a+0_«á�U��1x�
noì23¸�d0e§¨fgj¬4�Uo£a
hiuJ�xr�5a6P��no�¼ë�¥ë�
�ur�78�a¹g9*PaÎ*�:j;Æ�Uo
£aCDEr��¼ë�¥��j<�xb�ca7
8j	3����âãrs0t0���CD¹gu
vwUd0ey^.=Üõ>u��Uo?�Î@A
aBCud0eD.ÀaE�jFÆ�x�nU}�
pqr78P¢Í�od0ey^.=Ü2¼u��
�xGH@Aj|}x~�� ¥I�âãa78þ

3rd turn
4 th turn
5 th turn
6 th turn

25 th turn
24 th turn

½ëJVWXYZ0[\]^_`X`.aG¼
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3.1  *�+,-./01

RTM �*�+2345�678�	9:,;<
=9: BT >�?@ABCD�EFG��150 MeV
,H�,;<�*�+IJG�KL��	*�+I
JG=*�+MNFON�PQR�ST,UVWX
YZ[\�]Y�^_,-`�abT\�cdW7
8���	ef
��Tghij,;< 95 pCkg
�Tl�/01 77 %m�ij/01 92 %kg�T
l�,;< 68 pCmQno[\���	pqr�
psJWc\t9:,;<Q 1 nC �Tl�/01
= 26 % �,;<Qu��v=wx 100 %Qno[
\�TyK[\���	Az{E|�}�<H~1
Q 1~2�10-5 ��T��[\�`cY%����u
��9:,;<Q 100~200 pCW��[\����
��/01=��78���T�����	

3.2  �qF�JS

*�+���P����,�����,-`�!
��*�+����!��K� Q-scan���� RTM
��qF�JSKL�68�	*�+�G�AB�
����=�vo��� k20�25�1tmW Al � 300
nm ¡¢��%���,H*�+Q£0¤�¥W¦
§¤� Optical Transition Radiation (OTR) ̈ � Image
Intesifier ©� CCD EªCkPrinceton Instruments�
IMAX-CCDm�KL��	g�«¬=�RTM ��
��W]®�¯°±²>�³(�)Y�´^µ¶
�¯°·¸=¹W78��7����KL[\�´
^µ¶�*�+���=¯°Wc�ºQY�»¼½
<T7�	¾¿=SÀÁ�JW]®�¯°Wc�*
�+����ºQY�ÂÃVW

σ βεx D p p= + •( )( / )
/

∆ 2 1 2

T��ÄÅ�68�	gg��ÆÇÈ=�qF�J

S�É
�*�+����ÆÊÈQ¯°Wc�ºQ

Y�Ë¤	

Q �ÌÍ��¯°·¸ D� D’ =�RTM �ÎÍ
T��,-ÏÐÉL�l�D=0.3795 m� D’= -0.05700
rad �)8�	g\ÏÐ*�+����KLÑ�)
�SÀÁ�J�ÌÍ��¯°·¸=�Q �ÒÓ�Ô
[kÕÑÖ×� f T¤�mWØÙ��

TÚ�Ð\�	ÛÜ�¯°�±Ý¤��v=���
���¯°T���Þ`�)� 0.1 %�ßL��6
8�	
àáµ¶W=¯°=§â7����ã¶���»
¼½äåKL>�%æçVW=£è� Q-scan �T
!éÐ7�	

êë=,;<�ÇLk50 pCmWìL��íî�
�qF�JST���� RF Wï¤�9:Ìð�
ñ��òCA�)�	àáµ¶=�9:ÌðWï�
�wT¼ó!�QôÐ\7�Q�´^µ¶=9:Ì
ðQõ[�7�Wö\��qF�JSQ÷ø¤�ù
HQô��\�	g\=Az{E|�} RF ,Hú
�ûüT���9:ÌðQõ[�7�Wö\���
���Q���
������ýQõ[�7�gT
ÏÐ�9:>�¯°Wc��qF�JSþjQ��
Ð\�����T�����	
ê�W9:,;<Wï¤�íî��qF�JS�
ñ��òCA��¤	,;<Qþj¤�Wö\�´
^µ¶��qF�JS=¯°�»¼½%�%�¯°
�±Ý��%�%þj����Q�àáµ¶=wT
¼óÇL�)�	g�KL��TKLW=�9:
*�+23>�,���`=ìL�����4��
�¤�T�g�´^µ¶��qF�JSþj=9:
>��¯°Wc��qF�JSþjQæ�T��	
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D ( )scr = −0.01412+ 0.3795(0.9914−1.510/ f )
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3.3  <Z�[

RTM \!��]^?_�<Z�[�`TaRb
c�RTM �def�gh\!ij'�k�lmn
m�o7pqSRpra Al st�=?! 200fs�9
uvawx�ny?lz>=�{)`TaRbc�
�ny?lz>=�
�|}?_z>=~�}
qCanonra����*S�20 ���� 25 ���
!�^?_���ipa�p����������
a4��������?�!�<Z�[a`T�c�
RTM �g���X
 1.2 T����!� nominal
energy ��o7p����[
 25��! 70 nm�
�!*��SR p
���[��[����!�3
bc��lnZaw��`T8�p�8�9p��
 ¡
�400~1000 nm !*��.��@�¢£��
!��lnZ3�3b���c¤�~�}8�¥¦
§��S<Z�[3K¨�S©[ª«����@3�
.���
<Z�[3 2~3 ps ��¬!;�/®
¯�;�;��C��`T!
�p23°;�./
©*S�±�J<�²³Z�?´
µ¶·¸�`T
aRbc�20~25���<Z�[a`T�c¹��
0�� 10 ps(rms)�¹�aºc�.�
»FM� 5 ps
(FWHM)�P(�[��CD
��S¼�8�D!
�<Z�[�`T0�1½<Z�¾a�¿�c<=
>?�ÀÁaRb��ª�

3.4  Ã��?

RTM ��]^?_/²ÄnzÅ?J¶~?Æ?
�Ã��?a`T�c�<Z�Ç`T!¶�c�n
y?lz>=��25 ���� SR p/²ÄzÅ?J
~?Æ?�ÈÉ�aÊË��x��U�Ì;�;�
Í�67X·���Ax�<Z��Î?l�Ë�§
a 100 shot̀ T��Ã��?aÏÐ�c�Ñ 4� shot
Ò�Ë�§aÓ'�100 shot�º'���Ô�cË
�
Õ 30 9!*S�����Jy²n��Ö×T
;Ø/1Ù3¼���Í]39��.�Jy²n/
/1a6��ÏÐ�cÃ��?
�5.5 ps (rms)!*
bc�.��aÚ�c½Ë�Ã��?
 2.2 ps!*
S�ÊÍ�ÊÛk�Ü_!��ÝÞß!`T�c�
à/áâÊãMaºc�RTM ��à
�äå
[
�3�æç×T;ÝÞaRb����!½Ë��Ã
��?
��ÝÞß��à�P(�èª
;b��
;��@!*��é��[Ë��×Tê
ë���
èª�^?_�ì×Tê�/)�©íî/;b��

�~?Æ?�67æç/ RF �Jy²n´3ïð�
���/ñ���
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òó�100TW ~?Æ?�n=��ô?n
áâõ
ö���]67ß/�ÊÛk�Ü_a÷øù!*��
�]ÝÞß�^?_=��
ú[û»üù!*S�
ýþ������'��~?Æ?ÝÞKL
���
�þ��Ü�nKLa��'�	T!*��
�
�
���~?Æ?ÝÞ!���²³Z�c
��Ã
��na¶����p�� 1018 W/cm2��=}��
� 1018~1019cm-3�ÝÞ��100 GV/m !100~500 MeV
�����Z�?�ºa�¿'��c�~?Æ?Ý
Þ�ÝÞ��aú[!)��Î����=}�p{
���A�H��i©#R��R��0S�5 cm
���{��!{���ÝÞ�K�/ÝÞ�]� 
!"¾� ��Z�?¾a#@�
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